Coronary artery disease (CAD) is caused by a thrombotic occlusion or spasm of the coronary artery. Association of genetic variants with susceptibility to CAD has been reported in various populations, but the association should be replicated in other populations to establish the role of genetic variants in CAD. We conducted a case-control study with a total of 1480 CAD cases and 2115 controls from two East Asian populations, Japanese and Korean, to validate the associations of CAD with eight single nucleotide polymorphisms (SNPs) in eight loci, which were identified from large-scale whole-genome association studies in Europeans or East Asians. Among the tested SNPs, one SNP in BRAP (rs11066001) showed a significant association in allele frequency distribution with CAD in both the Japanese (Odds ratio (OR)¼1.63, 95% confidence interval (CI); 1.41-1.89, P¼5.0Â10 À11 , corrected P (Pc)¼4.0Â10 À10 ) and Korean populations (OR¼1.68, 95% CI; 1.41-2.00, P¼6.5Â10 À9 , Pc¼5.2Â10 À9 ), and a meta-analysis showed a significant association in the East Asian populations (OR¼1.65, 95% CI; 1.48-1.85, P¼1.8Â10 À18 , Pc¼1.4Â10 À17 ), whereas no evidence of association was found for the other SNPs. In addition, a combined analysis of BRAP and another CAD locus on 9p21 suggested that these loci had a synergistic role in the susceptibility. Failure to replicate the association with the other SNPs, which were reported in the European populations, suggested that their contributions to CAD were not large enough to be readily captured in the East Asian populations.
INTRODUCTION
Coronary artery disease (CAD) caused by a thrombotic occlusion or spasm of the coronary artery becomes a major health problem in many countries. 1 CAD is mainly based on coronary atherosclerosis and often manifests with sudden chest pain due to reversible (angina pectoris, AP) or irreversible (myocardial infarction, MI) ischemia in the heart caused by decreased blood flow in the coronary arteries. Although environmental or life-style factors, such as smoking, hypertension, hypercholesterolemia and diabetes mellitus, contribute to the development of CAD, 2 genetic factors are also involved in the pathogenesis of CAD. 3 Several large-scale association studies using a large number of genetic variations, including single nucleotide polymorphisms (SNPs), have recently identified the susceptibility genes and loci for CAD. [4] [5] [6] [7] [8] [9] [10] [11] [12] However, not all of the reported associations could be replicated in other studies even if middle-to large-sized samples were investigated in the original reports, suggesting that the contribution of genetic factors was not large enough to be replicated in some cases. 13 Validation studies for the association in other populations are, therefore, crucial to establish the role of diseaserelated genes.
Recent progress based on the large-scale association studies has accumulated information on the susceptibility genes linked to CAD. It is noted that seven chromosomal loci were reported to be strongly associated with CAD in Europeans conducted by the Wellcome Trust Case Control Consortium (WTCCC) 6 (loci on chromosomes 1q43, 5q21, 6q25, 9p21, 16q23, 19q12 and 22q12). Samani et al. 7 tested several loci in the WTCCC study, which met their predefined criterion (Po1.2Â10 À5 and less than a 50% chance of being false-positive), in German MI families and found that three loci on chromosomes 2q36, 6q25 and 9p21 were significantly associated with MI. In addition, a combined analysis of data from these two studies revealed four additional CAD-associated loci on chromosomes 1p13, 1q41, 10q11 and 15q22. 7 In a recent study, three other loci were reported to be associated with early-onset MI 10 (loci on chromosomes 2q33, 6q24 and 21q22). In addition, Gudbjartsson et al. 11 reported that an SNP on chromosome 12q24 was significantly associated with MI. All these studies were conducted in European populations. On the other hand, Ozaki et al. 12 identified the BRCA1-associated protein (BRAP) gene as a possible binding partner of galectin-2.As they reported the gene for galectin-2 LGALS2 as a susceptibility gene for MI, 14 they investigated a possible association of MI with BRAP and found an SNP (rs11066001) to be significantly associated with MI in both the Japanese and Taiwanese populations. 12 We conducted validation studies in the Japanese and Korean populations, which confirmed the association of CAD with a 9p21 SNP (rs1333049), but failed to replicate the association with SNPs in LTA,
LGALS2 and PSMA6, showing that not all of the associations reported in the Japanese population 4,14 could be readily replicated in our studies. [15] [16] [17] In this study, we investigated the association between CAD and eight SNPs in eight genome regions in the East Asian populations.
MATERIALS AND METHODS Subjects
A total of 1480 CAD cases and 2115 control subjects from the Japanese and Korean populations were recruited as reported previously. [15] [16] [17] Briefly, the Japanese panels were composed of CAD cases (n¼622) and controls (n¼1402). The Japanese controls included healthy individuals selected at random (n¼656) and healthy-donor-derived B-cell lines obtained from the Japan Health Sciences Foundation (n¼746). The Korean subjects consisted of CAD cases (n¼858) and controls (n¼713). The Korean controls included healthy individuals selected at random (n¼179) and cancer patients without CAD (n¼534) consisting of 230, 147, 87 and 71 patients with stomach cancer, colon cancer, lung cancer and hepatocellular carcinoma, respectively. The diagnosis of CAD was based on the standard criteria as described previously. [15] [16] [17] In brief, the diagnosis of MI was based on typical electrocardiographic changes, increased serum levels of creatinine kinase, aspartate aminotransferase, and lactate dehydrogenase and increased serum concentration of troponin T. The diagnosis was confirmed by the presence of a wall motion abnormality on left ventriculography and by the identification of responsible stenosis in the coronary arteries on coronary angiography. On the other hand, AP was diagnosed by the clinical manifestation of sudden chest pain, transient electrocardiographic changes, and significant stenosis of the coronary arteries found in coronary angiography. Severity of coronary atherosclerosis was classified according to the number of coronary vessels with significant stenosis (angiographic luminal stenosis 450%) as 0-, 1-, 2-or 3-vessel disease. Informed consent was received from each participant and the study was approved by the Ethics Review Boards of the Medical Research Institute of Tokyo Medical and Dental University, Kitasato University School of Medicine, Tokyo Metropolitan Geriatric Medical Center, and Samsung Medical Center.
Genotyping
Eight SNPs were selected for the validation study, because they were reported to have a minor allele frequency over 0.05 in the Asian populations (Japanese and Han Chinese) in the HapMap data (Supplementary Table 1 ). All SNPs were genotyped using the TaqMan SNP genotyping assay (Applied Biosystems, Foster City, CA, USA).
Statistical analysis
A statistical analysis for power and sample size computations of case-control design was performed using the PGA program (http://dceg.cancer.gov/bb/tools/ pga). 18 Frequencies of alleles or genotypes were compared between the cases and controls using a w 2 -test. The strength of the association was expressed by OR. Meta-analysis was performed using a Mantel-Haenszel method to investigate the association in the combined Japanese and Korean populations. The significance of the association between the severity of coronary atherosclerosis and rs11066001 was examined by using the Mann-Whitney U-test.
A stratification analysis was carried out according to the method described by Svejgaard and Ryder 19 to test the independency or synergistic effects of two different alleles that were significantly associated with the disease. Briefly, basic data for the analysis were the entries of the two-by-four table giving the four phenotypic combinations of factors A and B in cases and controls, and the data were analyzed in two-by-two tables involving the stratification of each of the two factors against the other. In the analysis, contributions of factors A and B could be evaluated as odds ratios (OR) conferred by one of the factors (OR A, non-B , or OR non-A,B ) or both factors (OR A,B ) vs non-A non-B. If these factors independently conferred risk of disease, OR A,non-B and OR non-A,B were equal to (or at least not exceeding) OR A,B . In contrast, when OR A,B was larger than OR A,non-B or OR non-A,B , these factors were considered to synergistically contribute to the risk.
Corrected P (Pc) values were obtained by multiplying the P-values with the number of independent tests (eight for the replication study and eight for the stratification analysis). When the Pc value was less than 0.05, the association was considered to be significant.
RESULTS
Demographic characteristics of the study population are listed in Table 1 . This study was conducted to replicate the association of CAD with recently reported genetic risk variants on chromosomes 1p13, 1q41, 1q43, 2q36, 5q21, 10q11 and 16q23. An SNP in BRAP on chromosome 12q24 was also tested for the association. Statistical power analysis of our study design to verify whether it could provide adequate powers in replicating the association with the SNPs on chromosomes 1p13, 1q41, 1q43, 2q36, 5q21, 10q11, 16q23 and 12q24 showed that the statistical powers were 93.3, 99.5, 99.8, 86.1, 99.9, 100.0, 99.2 and 100.0%, respectively, when the Japanese and Korean populations were combined, assuming that they were genetically identical. On the other hand, the powers to detect the association either in the Japanese or Korean populations were 88.6, 98.5, 99.0, 79.7, 99.6, 100.0, 97.7 and 100.0%, respectively, when they were assumed to be genetically different (Supplementary Table 2) .
Genotype distributions for all SNPs were in the Hardy-Weinberg equilibrium in the tested populations (data not shown). As shown in Table 2 , the SNP in BRAP showed a significant association with CAD in allele distribution in both the Japanese (OR¼1.63, 95% CI; 1.41-1.89, P¼5.0Â10 À11 , Pc¼4.0Â10 À10 ) and Korean populations (OR¼1.68, 95% CI; 1.41-2.00, P¼6.5Â10 À9 , Pc¼5.2Â10 À8 ). When we performed a meta-analysis of data from the Japanese and Korean populations, the association with CAD was highly significant (P¼1.8Â10 À18 , Pc¼1.4Â10 À17 ) with an OR of 1.65 (95% CI¼1.48-1.85) for the risk allele. In addition, when the CAD patients were grouped into AP and MI, the meta-analysis showed that the Table 3 ). The association with the SNP in BRAP was investigated in relation to the presence of classical risk factors including gender, age, smoking, hypertension, hypercholesterolemia, obesity and diabetes mellitus, and the severity of coronary atherosclerosis (number of vessels with significant luminal stenosis) in patients whose coronary angiographic data were available (598 Japanese cases and 453 Korean cases). It was observed that the association was not depending on the classical risk factors, suggesting that the BRAP SNP was an independent risk factor for CAD (data not shown). On the other hand, the G allele frequencies of rs11066001 in the Japanese CAD patients with 0, 1, 2 and 3 vessel disease were 0.36 (vs 0.24 in the Japanese controls, n¼18, OR¼1.76, Pc¼ns), 0.32 (n¼247, OR¼1.49, Pc¼1.2Â10 À3 ), 0.34 (n¼163, OR¼1.63, Pc¼6.8Â10 À4 ), and 0.37 (n¼170, OR¼1.83, Pc¼3.1Â10 À6 ), respectively, showing that the association was relatively strong in patients with severe CAD but the trend was not statistically significant (Mann-Whitney's U-test, P¼ns). In contrast, the data in the Korean CAD patients were 0.18 (vs 0.18 in the Korean controls, n¼11, OR¼1.00, Pc¼ns), 0.26 (n¼210, OR¼1.58, Pc¼3.6Â10 À3 ), 0.34 (n¼148, OR¼2.33, Pc¼6.4Â10 À9 ) and 0.35 (n¼84, OR¼2.38, Pc¼4.0Â10 À6 ), respectively, showing a significant correlation between the G-allele frequency and the severity of coronary atherosclerosis (Mann-Whitney's U-test, P¼5.0Â10 À3 ). On the other hand, no significant association for East Asians was found with the other seven SNPs (Table 2) , even when the patients were stratified by gender, onset age and the presence of classical risk factors (data not shown).
As we have previously reported the association of 9p21 SNP with CAD in the Japanese and Korean populations, 15 it was interesting to know whether there was an interaction between 9p21 and BRAP SNP in susceptibility to CAD. We stratified the cases and controls that were genotyped for both 9p21 and BRAP SNPs by the presence or absence of risk genotypes, GG genotype of rs11066001 (BRAP) and CC genotype of rs1333049 (9p21) ( Table 3 ). Separate analyses in the Japanese and Korean populations did not give conclusive results when the P-values were corrected for multiple tests, presumably because the numbers of samples were not large enough. However, the meta-analysis revealed significant associations for BRAP (test {1}, OR A ¼2.01, Pc¼1.3Â10 À5 ) and 9p21 (test {2}, OR B ¼1.42, Pc¼9.6Â10 À4 ) and the BRAP genotype increased the risk in both the presence and absence of the 9p21 genotype (test {3}, OR¼2.31, Pc¼0.018 and test {4}, OR A,non-B ¼1.90, Pc¼1.3Â10 À3 , respectively). In addition, contribution of the 9p21 genotype was significant in the absence of BRAP genotype (test {6}, OR non-A,B ¼1.39, Pc¼3.4Â10 À3 ). The OR in the presence of both the genotypes (test {8}, OR A,B ¼3.33, Pc¼2.4Â10 À4 ) was higher than those in the presence of one genotype (tests {4} and {6}), implying a synergistic contribution of these two genetic risk factors.
DISCUSSION
Recent genome-wide association studies and candidate gene approaches have identified several susceptibility loci and genes for CAD. Abbreviations: CAD, coronary artery disease; MAF, minor allele frequency; OR, odds ratio; CI, confidence interval; Pc, P-value after Bonferroni's correction; NS, not significant (P40.05).
For the meta-analysis of combined Japanese and Korean groups, OR and P-value were calculated using a Mantel-Haenszel model. Numbers of controls and cases were not indicated for the metaanalysis because they were indicated separately in the Japanese and Korean populations.
In this study, we evaluated for the first time the associations of eight genetic variants with CAD in the Japanese and Korean populations. The power calculations for the study design (Supplementary Table 2) suggested that the sample sizes analyzed in this study were large enough to capture the associations, considering that more than 80% power at a significance level of 5% was desired for the negative metaanalysis. 20 There are several other loci reported to be associated with CAD in European populations including those on chromosomes 2q33, 6q24, 12q24 and 21q22. 10, 11 We have not tested them in this study, because the minor allele frequency of each SNP was less than 5% in the HapMap data for the Japanese (JPT) or Han Chinese (CHB) populations (Supplementary Table 1 ) and therefore the statistical power was too low to obtain a definite conclusion from our study design. The association of the BRAP SNP with CAD was replicated in two East Asian populations, Japanese and Korean. Ozaki et al. 12 initially found the association of the BRAP SNP with MI in one Japanese cohort and replicated the association in another Japanese cohort and Taiwanese subjects. It was suggested from a functional analysis that a higher expression of BRAP might enhance the degree of inflammation through the activation of the NF-kB protein and thereby had an important role in the pathogenesis of MI. 12 The replicated association of BRAP with CAD in the Japanese and Korean populations in our study, especially in both the MI and AP groups, strongly suggested that rs11066001 was a reliable genetic risk factor for CAD in East Asians.
Considering the interaction between BRAP protein and Breast Cancer 1 protein (BRCA1), 21 there was a possibility that a significant association of CAD with BRAP in the Korean population might be obtained because of a selection bias in the controls, because Korean cancer patients without CAD were included in the control panel in addition to the random healthy individuals. However, there was no significant difference in the minor allele frequencies of the BRAP SNP among patients with stomach cancer (0.189, n¼230), colon cancer (0.143, n¼147), lung cancer (0.201, n¼87) and hepatocellular carcinoma (0.190, n¼71), compared with the random healthy individuals (0.191, n¼178), suggesting that the BRAP SNP was a genetic risk factor for CAD and was not related to the cancer phenotype in the Korean population.
Another point to be addressed was that the Japanese controls were selected at random and not matched for age, gender and clinical backgrounds to the cases. The controls were especially younger than the cases and their average age was 39.0 years ( Table 1 ), implying that the controls included the individuals who might develop CAD in future. Therefore, we divided the controls into two groups by age, more than 50 or less than 49 years, and compared the allele frequencies. It was found that the allele frequencies of all the tested SNPs were virtually identical in these two groups (data not shown) and that a significant association with BRAP was found irrespective of the used controls. The minor allele frequencies of the BRAP SNPs were 0.344, 0.251 and 0.241 in the patients, older controls (57.3 ± 10.6 years old) and younger controls (34.6±5.8 years old). ORs were 1.56 and 1.65, whereas the Pc values were 0.0036 and 7.5Â10 À9 , respectively, when the older and younger controls were used. In addition, when the allele frequency data were compared between males and females in the controls, there was virtually no difference. These observations implied that the association of BRAP with CAD in East Asians was relatively strong to be replicated even when the controls were not well matched to the cases in background data. The other SNPs showed no significant association with CAD in the East Asian populations, in both allele distribution and genotype distribution, even when the cases were stratified by gender or by the presence of classical risk factors (data not shown). On the other hand, one SNP on chromosome 16q23 showed a marginal association with CAD in the Korean population (OR¼0.69, 95% CI¼0.55-0.88, Pc¼0.02) but not in the Japanese population (OR¼1.04, 95% CI¼0.86-1.26, Pc¼ns) ( Table 2 ). The observed association in the Korean population might be a false-positive finding, but a possibility remained that the association was specific to the the Korean population. Although the association in the Korean population was not significant when the CAD patients were stratified into MI (OR¼0.68, 95% CI¼0.52-0.90, Pc¼ns) and AP (OR¼0.71, 95% CI¼0.53-0.95, Pc¼ns), ORs showed a similar trend. The non-significant finding after the multiple tests might be because of the fact that the number of samples in each category was decreased. The association should be tested in future studies to investigate whether the contribution of the 16q23-linked susceptibility gene would be different between the Korean and Japanese populations depending on the additional genetic or environmental differences. Nevertheless, to explore the possible weak associations with the SNPs other than that in BRAP in East Asians, further replication studies are needed because our study design was not large enough to capture the weak association and our controls were not matched to the cases for the gender, age, sex and clinical backgrounds and might contain individuals who would develop CAD in future.
Finally, we found a synergistic effect of BRAP and 9p21 loci in susceptibility to CAD. As the association of CAD with the 9p21 locus was reported repeatedly in the European populations, 6, 7, 22, 23 it is of interest to investigate whether the association of BRAP with CAD and the synergistic interaction of BRAP with the 9p21 locus would be found in the Europeans.
In conclusion, rs11066001 in BRAP was associated with CAD in both Japanese and Korean populations. Our null findings of the other tested SNPs indicated the needs for extensive validation studies to apply the reported CAD-associated SNPs in the future risk assessment in East Asian populations, because the contribution of each diseaseassociated SNP might be different depending on the ethnic groups.
